In this article, a method of grinding material stepwise realized in the roller press mill and a ball mill, equipped with energy-exchange units (LEU). It was found that when using a ball mill, equipped with LEU, depending on the angle of rotation of the drum periodically changes its load level of grinding media in the chambers, and in the zone of active influence of LEU is lifted and to give them the longitudinal-transverse movement, characterized by, created in traditional mills. The technique of determining the power consumed by the mill is further equipped with energy-exchange units consumed for longitudinal movement of the grinding bodies in the grinding of materials, previously ground to a roller press mill. Presented equation for its calculation. The influence on the additional power con-
INTRODUCTION
In the production of binders, different mixes and products among the energy-intensive processes are crushing and grinding of raw materials, which account for about 10% of the world's electricity. Thus the power consumption increases significantly with increasing fineness of the obtained product. It is known that the energy consumption for the crushing is 10-21 J / g, and for fine and superfine grinding 360-3600 J / g. Therefore, the direction of improving the technology and grinding equipment to reduce the energy intensity of the process is important. It is known that the production of cement annual volume, which in the world is increasing and now exceeds 2.5 billion tons, the grinding of raw materials and cement, carried out mainly in ball mills, spent from 40 to 70% of the total electricity spent on the process of cement production [1] [2] . Development of new issues and improve the efficiency of existing grinding equipment engaged scholars and practitioners both in our country and abroad. In recent decades, the extensive development of technology for production of cement reached in the grinding complex consisting of two units of roller press mill and ball mill (PVI-CMM) [3] [4] .
THE MAIN PART
The studies found that the milled material in TSA after forming between the rollers is different from the original, it has the form of a compacted plate (Figure 1 , 2) and the particles -micro defect structure. This requires special conditions for regrinding in the CMM. Studies have shown [07, 08] , previously ground in the PVI material subject to short-term expedient to impact in the first chamber of the mill for deagglomeration pressed plates and the abrasive effects of crushing -grinding load in the second chamber for its final grinding. Such conditions grinding materials can be obtained in a ball mill (CMM), equipped with a paddle by energy de-vices (LEU): blade double-acting (linear dynamic range) and elliptical blade segment (LES). Studies on the experimental setup, including the PVI and ball mill equipped with a paddle by energy devices diagram is shown in Figure 3 , when grinding clinker and additives confirmed the high efficiency of their use. The mill has increased by 40%. This increase is justified not only by the prior grinding PVI materials, but also due to more work done by the grinding bodies in a ball mill [6] . However, despite the clear advantage over traditional ball mills widespread adoption of CMM with LEU in the industry hampered by the lack of evidence-based methodology for calculating the power consumption of its drive. When using a ball mill, equipped LEU (Figure 4) , depending on the angle of rotation of the drum of the mill load level changes periodically grinding bodies in its chambers, and in the active zone of influence LEU -is a "scooping" of grinding bodies with the material being ground, lifting and to give them the longitudinal-transverse movement different from produced in mills without LEU. When this is done the extra work, which consumes power of the engine. Additionally, the power consumption of the mill is associated with a further (compared to the vertical mill with baffles) moving the center of mass loading along the axis of the grinding mill drum by influencing the grinding bodies in the longitudinal direction of the linear dynamic range and LES. Power for a certain period of time is calculated by the formula:
( 1) where -A the work done for the same amount of time T . During the period of time T during one revolution take drum mill when the mill performs n, one revolution occurs during:
or Where -relative speed, -the critical speed. Since
where g=9.81 m/s 2 -acceleration due to gravity R -the radius of the drum mill, the formula (3) can be written as follows (6) In one revolution of the drum mill grinding center of mass loading in each chamber moves from one extreme to the other and back again. For the first chamber to move the center of mass loading per revolution of the drum mill is given by:
According to [05] , y c and y c ' computed, respectively, by the formulas:
Move the center of mass loading per revolution of the drum mill in the second chamber is defined by the formula: Since the work is done by the friction force, then:
In turn, (10) where f -coefficient of sliding friction grinding load on the body of the drum mill; M 1 -The weight of the grinding load in the first chamber; V 1zagr -The mass of the grinding load in the first chamber; -Bulk density of the grinding load; V 1 -The volume of the grinding load in the first chamber;
-Load factor milling bodies of the first chamber; V 1 -The volume of the first chamber. A similar formula holds for the second camera:
(11) Since and the final formula for calculating the additional power consumption will be as follows: (12) The comparative results obtained by experiment and calculations for the following input parameters: the radius of the drum mill R=0.5 m; length of the first chamber L 1 = 0,65 m; first chamber loading factor of = 0.18; second chamber length = 1.3 m; load factor of L 2 = 0.3 second chamber; the coefficient of friction of f = 0.4; bulk density of the grinding load = 4550 kg / m3; linear dynamic range and angle to the axis LES mill drum = 60 °; relative speed the mill drum =0, 76 (corresponds to 45.5 min-1).
Showed that the difference between the experimentally obtained and calculated data as can be seen from the plot (Fig. 5-7) does not exceed 10%. With these values of the input parameters further power consumption calculation was as follows: for the first camera -62.2 W; to the second chamber -441.0 W; in general for the mill -503.2 watts, the experimentally obtained -545 watts.
Analysis of plots obtained ( Fig. 5-8 ), allowed to explore the effect on power consumption of an additional length of the first chamber (the length of the second chamber in this case was such that the sum of the lengths is equal to the length of the chambers of the mill -1.95 m), and the angle of inclination coefficients LEU download cameras grinding bodies. On the charts the following notation: N 1 and N 2 -more power consumption by moving the grinding load in the first and second chambers, respectively N -a total additional power consumption and design N ex -the total power measured experimentally. As can be seen from the plot (Fig. 5-8 ) installation in the drum mill energy-exchange devices allows to intensify the work of grinding load, as indicated by the value of the additional power consumption of the drive. Changing the angle of the vane energy exchange devices to the axis of drum mills 40 to 800 reduces the range of the load devices for milling, which reduces the power consumption further. Obtained by the analytical equation with sufficient accuracy reflect the actual process.
CONCLUSION
Thus, the installation of energy exchange in the drum mill device allows to intensify the work of grinding load, as indicated by the value of the additional drive power consumption and thereby reduce the specific energy consumption and improve productivity grinding plant. The presented method of calculating method of power consume additional mill equipped with devices by energy expended on longitudinal movement of the grinding media in the grinding of materials with sufficient accuracy to reflect the real aprotsess.
